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-continued 

(D) TOPOLOGY : linear 
(ii) MOLECULE TYPE: Genomic DTJA 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO:61: 
GCGTGGGCGG CGTGGGCG 18 

(2) INFORMATION FOR SEQ ID NOi62i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 baee pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 
GCGTGGGCGG GGGCGGGG 18 



What is claimed is: 

1. An isolated zinc finger-nucleotide binding polypeptide 
variant comprising at least three zinc finger modules that 
bind to a target cellular nucleotide sequence and modulate 
the transcriptional function of the cellular nucleotide 
sequence, wherein the amino acid sequence of each zinc 
finger module that binds a target cellular nucleotide com- 
prises two cysteines and two histidines whereby both cys- 
teines are amino proximal to both histidines and wherein 
each of three modules of said variant has at least one amino 
acid sequence modification. 

2. The variant of claim 1, wherein the modulation is 
enhancement of transcription of a gene operatively linked to 
the cellular nucleotide sequence. 

3. The variant of claim 1, wherein the modulation is 
suppression of transcription of a gene operatively linked to 
the cellular nucleotide sequence. 

4. The variant of claim 1, which is derived from a zinc 
finger-nucleotide binding polypeptide selected from the 
group consisting of zi£268 and TFIIIA. 

5. The variant of claim 1, wherein the cellular nucleotide 
sequence is DNA. 

6. The variant of claim 1, wherein the cellular nucleotide 
sequence is RNA. 

I. The variant of claim 1, wherein the polypeptide con- 
tains a linker region between zinc fingers, the linker com- 
prising the amino acid sequence TGEKP. 

8. The variant of claim 1, wherein the cellular nucleotide 
sequence is a structural gene nucleotide sequence. 

9. The variant of claim 1, wherein the cellular nucleotide 
sequence is a promoter nucleotide sequence. 

10. The variant of claim 9, wherein the promoter is an 
onco-promoter. 

II. The variant of claim 10, wherein the promoter is a 
viral promoter. 

12. The variant of claim 1, wherein the cellular nucleotide 
sequence is a retroviral nucleotide sequence. 

13. The variant of claim 12, wherein the retrovirus is a 
human T-cell lymphotrophic virus (HTLV). 

14. The variant of claim 13, wherein the retrovirus is 
HTLV-1 or HTLV-2. 

15. The variant of claim 12, wherein the retrovirus is a 
human immunodeficiency virus (HIV). 

16. The variant of claim 15, wherein the retrovirus is 
HIV-1 or HIV-2. 



17. The variant of claim 1, wherein the cellular nucleotide 
25 sequence is an oncogene nucleotide sequence. 

18. The variant of claim 1, wherein the cellular nucleotide 
sequence is a plant cellular nucleotide sequence. 

19. The isolated zinc finger-nucleotide binding polypep- 
tide variant of claim 1, comprising at least four zinc finger 
modules that bind to a cellular nucleotide sequence and 

30 modulate the transcriptional function of the cellular nucle- 
otide sequence. 

20. The isolated zinc finger-nucleotide binding polypep- 
tide variant of claim 1, comprising at least six zinc finger 
modules that bind to a cellular nucleotide sequence and 

35 modulate the transcriptional function of the cellular nucle- 
otide sequence. 

21. The isolated zinc finger-nucleotide binding polypep- 
tide variant of claim 1, wherein the polypeptide binds to a 
cellular nucleotide sequence having 18 contiguous base 

40 pairs. 

22. The isolated zinc finger-nucleotide binding polypep- 
tide variant of claim 1, wherein the polypeptide binds to a 
cellular nucleotide sequence comprising two 9-base pair 
binding sites. 

45 23. An isolated zinc finger-nucleotide binding polypeptide 
variant having at least six zinc finger modules that bind to a 
target cellular nucleotide sequence and modulate the tran- 
scriptional function of the cellular nucleotide sequence, 
wherein each zinc finger module that binds a target cellular 
50 nucleotide sequence is modified, wherein the polypeptide 
binds to a cellular nucleotide sequence comprising two 
9-base pair binding sites and wherein the two 9-base pair 
binding sites are separated by a variable number of nucle- 
otides. 

55 24. The isolated zinc finger-nucleotide binding polypep- 
tide variant of claim 23, wherein the two 9-base pair binding 
sites are contiguous. 

25. A n isolated nucleotide sequence encoding a zinc 
finger-nucleotide binding polypeptide variant of claim 1. 

60 26. The nucleotide sequence of claim 19, further com- 
prising a transcriptional activation domain in operable link- 
age with the nucleotide sequence. 

27. The nucleotide sequence of claim 19, further com- 
prising a repressor domain in operable linkage with the 

65 nucleotide sequence. 

28. A nucleotide sequence encoding a zinc finger nucle- 
otide binding polypeptide variant having the zinc finger 



30 



35 



40 



45 
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modules that bind to a target cellular nucleotide sequence module that binds the second nucleotide sequence comprises 

and modulate the transcriptional function of the cellular two cysteines and two histidines whereby both cysteines are 

nucleotide sequence, wherein each zinc finger module that amino proximal to both histidines and wherein each of three 

binds a target cellular nucleotide sequence is modified modules of said variant has at least one amino acid sequence 

comprising a transcriptional activation domain in operable 5 modification. 

linkage with the nucleotide sequence, wherein the transcrip- 41. The method of claim 40, wherein the library is 

tional activational domain is a herpes simplex virus VP 16 expressed in a phage surface expression system. 

protein. 42. The method of claim 41, wherein the phage expression 

29. A nucleotide sequence encoding a zinc finger- system includes a reducing reagent which allows folding of 
nucleotide binding polypeptide variant having zinc finger 10 expression products on the phage surface. 

modules that bind to a target cellular nucleotide sequence 43, The method of claim 42, wherein the reducing reagent 

and modulate the transcriptional function of the cellular ^ dithiothreitol. 

nucleotide sequence, wherein each zinc finger module that 44 met hod of claim 40, wherein the library is 

binds a target cellular nucleotide sequence is modified randomized by PCR using primers containing degenerate 

comprising a repressor domain in operable linkage with the 15 tr i p j et codons at sequence locations corresponding to the 

nucleotide sequence, wherein the repressor domain is the determined amino acids. 

Kruppel-associated box A domain (KRAB- A). 45 ^ metnod of claim 40? wherein the variant is derived 

30. A recombinant expression vector containing a nucle- &om a ^ fingc^nudcotide binding polypeptide selected 
otide sequence of claim 19. from (he p consistmg 0 f ^£268 and TFTIIA. 

31. An in vitro method for inhibiting a transcriptional 20 ^ ^ method of ^ m 4 whereifl ±Q deriyed 
function of a target cellular nucleotide sequence comprising from ^ ^ ^ ucleotide binding polypeptide zi£268 
a zinc finger-nucleotide binding motif, the method compns- ^ modified a| of residues 3 4 5 6 or 7 ^ xi forth 
ing contacting the motif with an effective amount or a zinc ^ ^ no* 14 

finger-nucleotide binding polypeptide variant comprised of « ** l • *t_ • , j • j 

f . . - s f r ... r . 47. The method of claim 45, wherein the variant derived 

at least three zinc finger molecules, .whe rem the ammo acid 25 . ' 

e u • « V,,^ tUnt t • 1 tUa mrxti f from the zinc finger-nucleotide binding polypeptide zi£268 

sequence of each zinc finger module that binds the motif c -j * * * a e / * c _*u 

^ _ 4 . j t. * u u u .u is modified at any of residues 1, 2, 3, 4, 5 or 0 as set forth 

comprises two cysteines and two histidines whereby both . 

cysteines are amino proximal to both histidines and wherein m ^^v " " . . . , 

each of three modules has at least one amino acid sequence 48 « ™ e me * od of claim 45, wherein the variant derived 

modification, thereby inhibiting a transcriptional function of 30 the ™c finger-nucleotide binding polypeptide zi£268 

the sequence ^ mod ifi ec * at anv °f residues 1, 3, 4, 5, 6 or 7 as set forth 

32. The method of claim 26, wherein the zinc finger m SEQ ID NO:5 * 

binding polypeptide variant is a truncated zinc finger pro- 49. The method of claim 40, wherein the modulation of 

te j n function is enhancement of transcription of a gene opera- 

33. The method of claim 31, wherein the cellular nucle- 35 lively linked to the cellular nucleotide sequence. 

otide sequence is DNA. 50. The method of claim 40, wherein the modulation of 

34. The method of claim 31, wherein the cellular nucle- function is suppression of transcription of a gene operatively 
otide sequence is RNA. linked to the cellular nucleotide sequence. 

35. The method of claim 31, wherein the cellular nucle- 51. The method of claim 40, wherein the cellular nucle- 
otide sequence is a structural gene nucleotide sequence. 40 otide sequence is DNA. 

36. The method of claim 31, wherein the cellular nucle- 52. The method of claim 40, wherein the cellular nucle- 
otide sequence is a promoter nucleotide sequence. otide sequence is RNA. 

37. The method of claim 31, wherein the cellular nucle- 53. a zinc finger-nucleotide binding polypeptide variant 
otide sequence is an oncogene nucleotide sequence. produced by the method of claim 40. 

38. The method of claim 31, wherein the cellular nucle- 45 54 A metDO d f or identifying a zinc finger-nucleotide 
otide sequence is a plant cellular nucleotide sequence. binding polypeptide variant comprised of at least three zinc 

39. The method of claim 26, wherein the variant is derived momi les, which modulates the transcriptional func- 
from a zinc finger-nucleotide binding polypeptide selected ^on of cellular nucleotide sequence and binds to a zinc 
from the group consisting of Zif268 and TFIIIA. finger-nucleotide binding motif, wherein the amino acid 

40. A method for isolating a zinc finger-nucleotide bind- 50 SC q U cnce of each module that binds to a zinc finger nucle- 
ing polypeptide variant which binds to a cellular nucleotide otidc binding motif comprises two cysteines and two his- 
sequence comprising: tidines whereby both cysteines are amino proximal to both 

a) identifying the amino acids in a zinc finger-nucleotide histidines and wherein each of three modules of said variant 
binding polypeptide that bind to a first cellular nucle- has at least one amino acid sequence modification, said 
otide sequence and modulate the function of a nucle- 55 method comprising: 

otide sequence; a ^ i DCU bating the components comprising a nucleotide 

b) creating an expression library encoding the polypeptide sequence encoding the putative modulating variant 
variant containing randomized substitution of the operably linked to a first inducible promoter, and a 
amino acids identified in step a) above; ^ reporter gene operably linked to a second inducible 

c) expressing the library in a suitable host cell; and promoter and a zinc finger-nucleotide binding motif, 

d) isolating a clone that produces a polypeptide variant wherein ^ incubating is carried out under conditions 
that binds to a second cellular nucleotide sequence and sufficient to allow the components to interact; and 
modulates the function of the second nucleotide b) measuring the effect of the putative modulating variant 
sequence; 65 on the expression of the reporter gene. 

wherein the variant is comprised of at least three zinc finger 

modules and wherein the amino acid sequence of each ***** 
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(2) 


INFORMATION 


FOR 


SEQ 


ID NO: 44: 












(i) SEQUENCE CHARACTERISTICS: 

(A) LEHGTH: 181 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 










(ii) MOLECULE TYPE: 


protein 














(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 
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What is claimed is: 

1. A method for isolating a zinc finger-nucieotide binding 
polypeptide variant which binds to a cellular nucleotide 
sequence comprising: 

a) identifying the amino acids in a zinc finger-nucieotide 6u 
binding polypeptide that bind to a first cellular nucle- 
otide sequence and modulate the function of a nucle- 
otide sequence; 

b) creating an expression library encoding the polypeptide 
variant containing randomized substitution of the 65 
amino acids identified in step a) above; 

c) expressing the library in a suitable host cell; and 



d) isolating a clone that produces a polypeptide variant 
that binds to a second cellular nucleotide sequence and 
modulates the function of the second nucleotide 
sequence; 

wherein the variant is comprised of at least two zinc finger 
modules and wherein the amino acid sequence of each 
module that binds the second nucleotide sequence 
comprises two cysteines and two bistidines whereby 
both cysteines are amino proximal to both histidines 
and wherein each of two modules of said variant has at 
least one amino acid sequence modification. 

2. The method of claim 1, wherein the library is expressed 
in a phage surface expression system. 
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. 3. The method of claim 1, wherein the phage expression 22. A method of modulating transcription of a cellular 
System includes a reducing reagent which allows folding of nucleotide sequence associated with a zinc finger-nucleotide 

expression products on the phage surface. binding motif, comprising contacting the zinc finger- 

4. The method of claim 3, wherein the reducing reagent is nucleotide in cells in vitro with an effective amount of a zinc 
dithiothreitol. 5 finger-nucleotide binding polypeptide variant comprised of 

5. The method of claim 1, wherein the library is random- at least two zinc finger modules that binds to the zinc 
ized by PCR using primers containing degenerate triplet finger-nucleotide binding motif, wherein the amino acid 
codoos at sequence locations corresponding to the deter- sequence of each module that binds the motif comprises two 
mined amino acids. cysteines and two histidines whereby both cysteines are 

6. The. method of claim 1, wherein the modulation of ^ amino proximal to both histidines and wherein each of two 
function is enhancement o^transcription of a gene opera- modules of said variant has at least one amino acid sequence 
tively linked to the cellular nucleotide sequence. modification, thereby modulating transcriptional activity of 

7. The method of claim 1, wherein the modulation of the cellular nucleotide sequence. 

function is suppression of transcription of a gene opera tively 23. The method of claim 22, wherein an expression vector 

linfced^to the, cellular nucleotide sequence. comprising a polynucleotide sequence encoding a zinc 

S.'vAe.method'of claim 1, wherein the cellular nucleotide -^finger-nucleotide binding polypeptide variant is introduced 

sequence : is' DNA. in to~the cells. 

9. The method of claim 1, wherein the cellular nucleotide 24. The method of claim 23, wherein the expression 
sequence is RNA. vector is a virus. 

10. The. method of claim 1, wherein the variant is derived 25. The method of claim 22, wherein the modulation is 
from a zinc finger-nucleotide binding polypeptide selected 20 enhancement of transcription of a gene operatively linked to 
from the group consisting of zif 268 and TFIIIA. the cellular nucleotide sequence. 

U. The method of claim 1, wherein the variant derived 26. The method of claim 22, wherein the modulation is 

from the zinc finger-nucleotide binding polypeptide zi£268 suppression of transcription of a gene operatively linked to 

is modified at any of residues 1, 3, 4, 5, 6 or 7 as set forth the cellular nucleotide sequence. 

in SEQ ID NO: 14. 25 27. The method of claims 1, 14, or 22 wherein the variant 

12. The method of claim 1, wherein the variant derived ^ derived from a zinc finger-nucleotide binding polypeptide 
from the zinc finger-nucleotide binding polypeptide zif268 selected from the group consisting of zif268 and TFIIIA. 
is modified at any of residues 1, 2, 3, 4, 5 or 6 as set forth 28. An isolated zinc finger-nucleotide binding polypeptide 
in SEQ ID NO: 15. variant comprising at least two zinc finger modules that bind 

13. The method of claim 1, wherein the variant derived 30 to a target cellular nucleotide sequence and modulate the 
from the zinc finger-nucleotide binding polypeptide zi£268 transcriptional function of the cellular nucleotide sequence, 
is modified at any of residues 1, 3, 4, 5, 6 or 7 as set forth wherein the amino acid sequence of each zinc finger module 
in SEQ ID NO:5. that binds a target cellular nucleotide comprises two cys- 

14. A method for identifying a zinc finger-nucleotide tc in CS anc j ^ histidines whereby both cysteines are amino 
binding polypeptide variant comprised of at least two zinc 35 pr0 ximal to both histidines and wherein each of two mod- 
finger modules, which modulates the transcriptional tunc- u i es Q f sa jd variant has at least one amino acid sequence 
tion of cellular nucleotide sequence and binds to a zinc modification. 

finger-nucleotide binding motif, wherein the amino acid 29. The variant of claim 28, wherein the modulation is 

sequence of each module that binds to a zinc finger nucle- enhancement of transcription of a gene operatively linked to 

otide binding motif comprises two cysteines and two his- 40 the cellular nucleotide sequence. 

tidines whereby both cysteines are amino proximal to both 39, The variant of claim 28, wherein the modulation is 

histidines and wherein each of two modules of said variant suppression of transcription of a gene operatively linked to 

has at least one amino acid sequence modification, said the cellular nucleotide sequence. 

method comprising: 31. jh e variant of claim 28, which is derived from a zinc 

a) incubating the components comprising a nucleotide 45 finger-nucleotide binding polypeptide selected from the 
sequence encoding the putative modulating variant group consisting of zif 268 and TFIIIA. 

operably linked to a first inducible promoter, and a 32. The variant of claim 28, wherein the cellular nucle- 

reporter gene operably linked to a second inducible otide sequence is DNA. 

promoter and a zinc finger-nucleotide binding motif, 33. The variant of claim 28, wherein the cellular nucle- 

wherein the incubating is carried out under conditions 50 otide sequence is RNA. 

sufficient to allow the components to interact; and 34. The variant of claim 1, wherein the polypeptide 

b) measuring the effect of the putative modulating variant contains a linker region between zinc fingers comprising the 
on the expression of the reporter gene. amino acid sequence TGEKP. 

15. The method of claim 14, wherein the modulation is 35. The variant of claim 28, wherein the cellular nucle- 
inhibition of gene expression. 55 otide sequence is a structural gene nucleotide sequence. 

16. The method of claim 14, wherein the modulation is 36. The variant of claim 28, wherein the cellular nucle - 
enhancement of gene expression. otide sequence is a promoter nucleotide sequence. 

17. The method of claim 14, wherein the first inducible 37. The variant of claim 36, wherein the promoter is an 
promoter is the arabinase promoter. onco-promoter. 

18. The method of claim 14, wherein the second inducible 60 38. The variant of claim 37, wherein the promoter is a 
promoter is the lactose promoter. viral promoter. 

19. The method of claim 14, wherein the incubating is 39. The variant of claim 28, wherein the cellular nucle- 
performed in vitro. otide sequence is a retroviral nucleotide sequence. 

20. The method of claim 14, wherein the incubating is 40. The variant of claim 39, wherein the retrovirus is a 
performed in vivo. 65 human T-cell lymphotrophic virus (HTLV). 

21. The method of claim 14, wherein the reporter gene is 41. The variant of claim 40, wherein the retrovirus is 
P-galactosidase. HTLV-1 or HTLV-2. 
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42. The variant of claim 39, wherein the retrovirus is a 
human immunodeficiency virus (HIV). 

43. The variant of claim 42, wherein the retrovirus is 
HIV-1 or HIV-2. 

44. The variant of claim 28, wherein the cellular nucle- 
otide sequence is an oncogene nucleotide sequence. 

45. The variant of claim 28, wherein the cellular nucle- 
otide sequence is a plant cellular nucleotide sequence. 

46. A zinc finger-nucleotide binding polypeptide variant 
produced by the method of claim 36. 

47. An isolated nucleotide sequence encoding a zinc 
finger-nucleotide binding polypeptide variant of claim 28. 

48. A recombinant expression vector containing a nucle- 
otide sequence of claim 47. 

" 49. A method for inhibiting a transcriptional function of a 
target cellular nucleotide sequence comprising a zinc finger- 
nucleotide binding motif, the method comprising contacting 
the motif with an effective amount of a zinc finger- 
nucleotide binding polypeptide variant comprised of at least 
two zinc finger molecules, wherein the amino acid sequence 
of each zinc finger module that binds the motif comprises 
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two cysteines and two histidines whereby both cysteines are 
amino proximal to both histidines and wherein each of two 
modules has at least one amino acid sequence modification: 

50. The method of claim 26, wherein the zinc finger 
5 binding polypeptide variant is a truncated zinc finger pro- 
tein. 

51. The method of claim 49, wherein the cellular nucle- 
otide sequence is DNA. 

52. The method of claim 49, wherein the cellular nucle- 
otide sequence is RNA. 

53. The method of claim 49, wherein the cellular nucle- 
otide sequence is a structural gene nucleotide sequence. 

54. The method of claim 49, wherein the cellular nucle- 
15 otide sequence is a promoter nucleotide sequence. 

55. The method of claim 49, wherein the cellular nucle- 
otide sequence is an oncogene nucleotide sequence. 

56. The method of claim 49, wherein the cellular nucle- 
otide sequence is a plant cellular nucleotide sequence. 

20 

***** 
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S L13 AND (MUTANT OR 


VARIANT) 


LIS 


4 


S L14 NOT (L4 OR L10) 




L16 


1 


DUPLICATE REMOVE L14 


(3 DUPLICATES REMOVED) 


L17 


1416 


S L8 (S) (MUTANT OR VARIANT) 


L18 


431 


S L17 AND PY<1996 




L19 


17 


S L18 AND TFIIIA 




L20 


8 


DUPLICATE REMOVE L19 


(9 DUPLICATES REMOVED) 


L21 


8 


S L20 NOT (LL4 OR L10 


OR L16) 



